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,QWURGXFWLRQ
7UDIILF GHQVLW\ LQ (XURSH¶V FLWLHV LV VXFK WKDW LQ PRVW RI WKHP WKH ORVV RI OLIH FDXVHG E\ WUDIILF
SURGXFHGDLUSROOXWLRQ LVHTXDORUJUHDWHU WKDQ WKH ORVVRI OLIH LQFXUUHGE\ WUDIILFDFFLGHQWV LQ WKHVDPH
FLWLHV/LJKWGXW\YHKLFOHV/'9VDUHDQLPSRUWDQWDQGIDVWJURZLQJVHJPHQWRIDOOXUEDQWUDIILF2IDOO
LQQHUFLW\WUDIILFWRGD\DUHUHODWHGWROLJKWXUEDQGHOLYHU\RUXUEDQVHUYLFHSURYLVLRQLQJYHKLFOHVWHQ




WLPHVSHQWSHUGHOLYHU\ WKHDYHUDJHZRUNORDGRQ WKHGULYHUDQG WKHFRQJHVWLRQFUHDWHG LQGHQVH WUDIILF
VLWXDWLRQVGHSHQGDWOHDVWSDUWLDOO\RQWKHOLJKWGXW\YHKLFOHDUFKLWHFWXUHDQGSHUIRUPDQFH
*LYHQWKHVHLPSDFWVZKLFKDUHGLUHFWO\RULQGLUHFWO\SDUWLDOO\UHODWHGWRWKHLQWHUQDOFRPEXVWLRQHQJLQH
,&( EHLQJ WKH SURSXOVLRQ V\VWHP RI WKHVH XUEDQ GHOLYHU\ YHKLFOHV WKH SRWHQWLDO SRVLWLYH LPSDFW WKDW
HOHFWULILFDWLRQRIVXFKYHKLFOHSURSXOVLRQWHFKQRORJ\FDQKDYHEHFRPHVDSSDUHQW)XOO\HOHFWULFOLJKWGXW\
YHKLFOHV RIIHU WKH SRWHQWLDO WR EH ORFDOO\ HPLVVLRQ IUHHZKLOH HQDEOLQJ HYHQ EHWWHU WKDQ SUHVHQW YHKLFOH
DUFKLWHFWXUHVWKHIXOILOPHQWRIHIILFLHQWVDIHDQGKHDOWK\XUEDQGHOLYHU\RIJRRGVDQGVHUYLFHV
7RGD\WKHUHDUHIXOO\HOHFWULF/'9VRQWKHPDUNHWEXWDFWXDOVDOHVYROXPHVDUHVWLOOYHU\ORZDQQX
DOO\ LQ (XURSH VRPH WKRXVDQGV SHU \HDU PDQ\ RI WKHP UHFRQYHUVLRQV RI LQWHUQDO FRPEXVWLRQ HQJLQH






8UEDQJRRGVGHOLYHU\RU IUHLJKW WUDQVSRUWV\VWHPVDUH WKHV\VWHPVRIGHOLYHU\YHKLFOHVRU WUXFNVDQG
GLVWULEXWLRQFHQWUHVWKDWVHUYHLQWUDQVSRUWLQJJRRGVRUVHUYLFHVIURPRXWVLGHLQWRWKHFLW\RUEHWZHHQFLW\














WKH HPLVVLRQV RI GHOLYHU\ YHKLFOHV ,W LV HVWLPDWHG WKDW GHOLYHU\ YHKLFOHV DUH DFWXDOO\ WKH OHDVW HIILFLHQW
PHDQVRIIUHLJKWWUDQVSRUWHPLWWLQJJ&2SHUWRQQHNPLQFRPSDULVRQWRJ&2WRQQHNPIRU
KHDY\JRRGVYHKLFOHVDQGDERXWJ&2WRQQHNPIRUUDLO$VDQH[DPSOHLQWKH8.LQOLJKWGH
OLYHU\YHKLFOHVKDQGOHGELOOLRQ WRQQHNPRI IUHLJKWDQGJHQHUDWHGDQHVWLPDWHG WRWDORIPLOOLRQ
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WRQQHVRI&2RURIWKHWRWDOHPLVVLRQVIURPWKHURDGIUHLJKWVHFWRU,WVKRXOGEHPHQWLRQHGWKDW
IUHLJKWWUDQVSRUWLQFOXGLQJURDGUDLODLUDQGZDWHULVUHVSRQVLEOHIRUURXJKO\RIWRWDOHPLVVLRQVLQ







RU KDV EHHQ EDQQHG WRWDOO\ IURP QRLVHVHQVLWLYH DUHDV /RJLVWLFVPDQDJHPHQW V\VWHPV DLP DW UHGXFLQJ










ELJFLWLHV DOVR LQVLGHFLW\FHQWUHV)URP WKHVHKXEVJRRGVZLOOEHGLVWULEXWHG IRU WKH ³ODVWPLOH´ ILQDO
GHOLYHU\E\VPDOOOLJKWXUEDQYHKLFOHV)RUVHUYLFHGHOLYHU\DOVRLQFUHDVLQJO\VPDOOHU³SDWFKHV´RIXUEDQ





EHVW FRPELQH DQ HIILFLHQW DQG SXUSRVHWDUJHWHG YHKLFOH GHVLJQ ZLWK WKH SURVSHFWV RI DQ HOHFWULILHG
GULYHWUDLQ7KHUHIRUHLWLVFUXFLDOWRXQGHUVWDQGWKHVWDWHRIWKHDUWRIYHKLFOHGHVLJQDQGGHYHORSPHQW)LJ












EHWZHHQPDUNHWLQJ DQG GHYHORSPHQW GHSDUWPHQWV WKH QH[W VWHS LV LQLWLDWHG DUFKLWHFWXUHV OD\RXWV DQG
YHKLFOH FRQFHSWV 7KH UHODWLRQVKLSV EHWZHHQ HUJRQRPLFV DYDLODEOH VSDFH QRLVH YLEUDWLRQ	KDUVKQHVV









































$VSUHYLRXVO\ VWDWHGPRVW ODUJH2(0RULJLQDWHGSUHVHQW DQGQHDUIXWXUH HOHFWULF/'9FRQFHSWV DUH
EDVHG RQ DGDSWLQJ FRPEXVWLRQHQJLQH UHODWHG DUFKLWHFWXUHV 2QH FDQ FRQWUDVW WKDW DSSURDFK WR WKH RQH
WDNHQE\ WKH ODWH02'(&FRQFHSWZKLFKUHSUHVHQWHGDQXUEDQGHOLYHU\YHKLFOH  WRQQHVPDOO WUXFN
WKDWZDVEXLOW IURPVFUDWFK2WKHUVOLNHWKH'XUD&DUFRQFHSWRUWKH(XURSHDQSURMHFW+267KDYHKDGD
VLPLODU ³IURP VFUDWFK DSSURDFK´ 7KH OLPLWDWLRQV RI WKHVH SDUWLFXODU ³JUHHQ´ GHVLJQV RI YHKLFOHV DUH
PDLQO\WKHLURULHQWDWLRQWRZDUGVORZHUYROXPHSURGXFWLRQDQGWKHLUOLPLWHGUHVRXUFHVWRLQYHVWLQEHVWLQ




DFWHULVWLFV DUH UHTXLUHG IURP WKH FRPSRQHQW DQGPDWHULDO 7KHVH DVSHFWV DUH FRQVLGHUHG DORQJZLWK WKH
DYDLODEOH VSDFH DQG RYHUDOO GLPHQVLRQV RI WKH SDUW2QO\ WKH XVDJH RI DPXOWLGLVFLSOLQDU\ RSWLPLVDWLRQ
DQDO\VLV XVLQJ OLQHDU IRU VWLIIQHVV FKDUDFWHULVWLFV DQG QRQOLQHDU IRU FUDVK FKDUDFWHULVWLFV FDSDELOLWLHV
DOORZVDFKLHYLQJWKHHIILFLHQWFRPELQDWLRQVRIPDWHULDODQGVHFWLRQWKLFNQHVV6XFKPXOWLGLVFLSOLQDU\DQG
PXOWLOHYHORSWLPLVDWLRQWHFKQLTXHVDUHVWDWHRIWKHDUW IRUWKHODUJHU2(0VEXWWKHVHKDYHWKHLU OLPLWD



















VLJQHG IURP VFUDWFK KDYH QRW EHHQ VXEMHFW RIPDMRU UHVHDUFK LQ(XURSH \HW DQG DJDLQZLOO EH DQ DUHD
ZKHUHWKHSURMHFWZLOODGYDQFHWKHVWDWHRIWKHDUW
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7KHDOOLQWKHIURQW VFKHPHRIPDQ\ ,&( OD\RXWV JLYHVJUHDW LQWHJUDWLRQEXW LPSRVHV VRPH OLPLWD
WLRQVLQWKHFDELQDUFKLWHFWXUHVKDSH,QDFRQYHQWLRQDO,&(VPDOOGHOLYHU\YHKLFOHOLNHWKH)LDW)LRULQR


















HQJLQH OD\RXW WREH IDFHG LQRUGHU WRXVH D FDE IRUZDUG DUFKLWHFWXUH6DIHW\ UHJXODWLRQVKDYH FKDQJHG
GXULQJ WKHSDVW WHQ \HDUV DQG DUH LQ FRQWLQXRXV HYROXWLRQ FRPSDUHG WR WKH WLPHVZKHQ WKH DERYHPHQ
WLRQHGKLVWRULFYHKLFOHVKDYHEHHQGHYHORSHG
)XUWKHUPRUHWKHUHLVDFRQVLGHUDEOHDPRXQWRIHOHFWULFDOHQHUJ\VWRUHGLQDQHOHFWULFYHKLFOHDERXW




7RPLWLJDWH WKHULVNRI WKHUPDO UXQDZD\ LQHOHFWULFYHKLFOHV WKHGLYLVLRQRI WKHEDWWHU\SDFN LQFRP
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SRVXUH WR HOHFWULFPDJQHWLF DQG HOHFWURPDJQHWLF ILHOGV (1 7KH GULYHU RI DQ HOHFWULF GHOLYHU\
YHKLFOHPD\VSHQGDFRQVLGHUDEOHDPRXQWRIWLPHHDFKGD\LQWKHYHKLFOHVRFDUHIXOFRQVLGHUDWLRQVPXVW






































7KHDERYHUHGXFWLRQFRXOGEHKLJKHU LI UHDOGULYHF\FOHVRI/'9VLQXUEDQ WUDIILFDUHFRQVLGHUHG LQ
VWHDGRIWKH1('&VLQFHWKHVKDUHRIDFFHOHUDWLRQUHVLVWDQFHLVH[SHFWHGWREHKLJKHU OHDGLQJWRKLJKHU
OHYHOV RI HQHUJ\ VDYHG E\ UHFXSHUDWLRQ ,Q DGGLWLRQ IXUWKHU PHDVXUHV FRXOG EH DSSOLHG WR UHGXFH WKH
DPRXQWRIHQHUJ\UHTXLUHG WRRYHUFRPHWKHGULYLQJUHVLVWDQFHVRU ORZHU WKHHQHUJ\FRQVXPSWLRQRI WKH
DX[LOLDU\XQLWV:KHUHDV WKH ILUVW LV DOUHDG\H[SORLWHG WRD ODUJHH[WHQW VLQFH LW DSSOLHV WRFRQYHQWLRQDO








9HKLFOHZHLJKWKDV DPDMRU LQIOXHQFHRQ UROOLQJ UHVLVWDQFHZKLFK IRUPVWRJHWKHUZLWK WKH DFFHOHUD




)XUWKHU ORZHULQJ WKH HQHUJ\ UHTXLUHPHQW WR RSHUDWH WKH YHKLFOH E\ZHLJKW UHGXFWLRQ KDV D VWURQJHU
HFRQRPLF LPSDFWGXH WR WKHKLJKEDWWHU\FRVW 0F.LQQRQ ,Q WKLV UHJDUG WKH6XSHU/,*+7&$5
SURMHFW*RHGHHWDOSURYLGHGRQHRIWKHEURDGHVWUHFHQWRYHUYLHZVLQOLJKWZHLJKWGHVLJQRIPDVV
SURGXFHG YHKLFOHV 3UHOLPLQDU\ VWXGLHV SHUIRUPHG E\(FNVWHLQ HW DO )LJ  KDYH VKRZQ WKDW IRU VXFK
YHKLFOHVWKHDGGLWLRQDOOLJKWZHLJKWFRVWFDQEHDVKLJKDV¼SHUNLORJUDPRIZHLJKWVDYHGRSHQLQJ
XSSRWHQWLDO DSSOLFDWLRQVRI WHFKQRORJLHV QRWFRQVLGHUHG IHDVLEOH IRUFRPEXVWLRQHQJLQHPDVVSURGXFHG























7KHPDLQ FODVVHVRIPRWRUV VHULRXVO\ FRQVLGHUHG IRU(9GULYHWUDLQV DUHEUXVKOHVV'&PRWRUV DV\Q



















,&(V7KLVKLJKVWDUWLQJ WRUTXHDQGKLJKPD[LPXPURWDWLRQDO VSHHGRI WKHHOHFWULFPRWRUJLYHVHQRXJK
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%DWWHU\PRGXOHV VKRXOG EH GHVLJQHG LQ RUGHU WR DYRLG FRQGLWLRQV OHDGLQJ WR VKRUWFLUFXLWLQJ IRUFHG
RYHUFKDUJLQJGLVFKDUJLQJ RYHUKHDWLQJ RU RWKHU NQRZQ IDLOXUH FRQGLWLRQV 7KLV FDQ EH DFFRPSOLVKHG






QHWYROWDJHLH'&'&FRQYHUWHU7KH LQWHJUDWLRQRIDOO WKLV LQWR WKHFRPSOHWHKLJKYROWDJHERDUGQHW
ZKLOHHQVXULQJ(0,(0&VDIHW\UHOLDELOLW\HWFLVDSUHVHQWDQGIXWXUH5	'HQJLQHHULQJIRFXVLQWKH





DQG DLU FRQGLWLRQLQJ +9$& V\VWHP WKHPRWRU DQGEDWWHU\ FRROLQJ V\VWHPV DQG WKH HOHFWULFDOZLULQJ
2WKHUDX[LOLDU\V\VWHPVLQFDUVWKDWGRQRWQHFHVVDULO\QHHGWREHUHGHVLJQHGDUHWKHOLJKWVDQGWKHQDYLJD
WRUHQWHUWDLQPHQWV\VWHP6LQFHDOO WKHVHV\VWHPVQHHGSRZHU WRIXQFWLRQ WKH\ZLOO UHTXLUHDSRUWLRQRI
WKHEDWWHU\FDSDFLW\ WKHUHIRUHDIIHFWLQJWKHUHDOOLIHUDQJHRIWKHYHKLFOH&XUUHQWUHVHDUFKHIIRUWDURXQG
WKH ZRUOG LV DLPLQJ LQ PLQLPLVLQJ WKH HQHUJ\ FRQVXPSWLRQ RI WKH DX[LOLDU\ V\VWHPV HJ XVLQJ /('
OLJKWV3RWHQWLDODFKLHYHPHQWVZLOOWKHUHIRUHEHLQJWDNHQLQWRDFFRXQWZKLOHH[SORULQJDGGLWLRQDOHQHUJ\
VDYLQJVWKURXJKRXWWKHFRXUVHRIWKHSURMHFW
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$SSURDFK
















LQ SURSXOVLRQ WHFKQRORJ\ VLJQLILHV QHZ FRPSRQHQWV WR LQWHJUDWH HJ EDWWHU\ LQYHUWHU DQG HOHFWULF
GULYHWUDLQZKLOHRWKHUVEHFRPHREVROHWHHJIXHOWDQNH[KDXVWV\VWHPDQG,&(2QHRIWKHPRVWDG
YDQFHG DQG QRYHO FRQFHSWV H[SORLWLQJ WKH VSHFLILFV RI HGULYH IRUP DQG VL]H IDFWRUV LV WKDW RI WKH LQ
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WULF/'9V LV SRVVLEOH E\ GHYHORSLQJ DQG DSSO\LQJ D QHZ ³SXUSRVH GHVLJQHG´ DSSURDFK IRU WKH YHKLFOH
DUFKLWHFWXUHDQGVWUXFWXUH
7KH'(/,9(5 SURMHFW FRYHUV WKH HQWLUH GHVLJQ F\FOH VWDUWLQJZLWK WKH HVWDEOLVKPHQW RI VHWV RI UH
TXLUHPHQWVDQGWKHOLNHO\WUDGHRIIVWKDWQHHGWREHPDGHLQWKHIUDPHZRUNRIWKHHOHFWULFYHKLFOH
FRPSRQHQWDQGFRVWOHYHOVUHDOLWLHVWDNLQJLQWRDFFRXQWDOVRGHWDLOHGNQRZOHGJHRIFXVWRPHUSUHIHUHQFHV
VRXUFHGIURPRWKHUSURMHFWV ,W IXUWKHUFRYHUV LQLWLDO URXJKGHVLJQSKDVHVWUDQVODWLQJUHTXLUHPHQWV LQWR
VNHWFKHVOD\RXWVDQGWKHLUWUDQVODWLRQLQWRYHKLFOHFRQFHSWV,WSURFHHGVZLWKDEHVWVHOHFWHGFRQFHSWDQG
GHYHORSVWKLVIXUWKHULQWRDSK\VLFDOSURWRW\SHYHKLFOHFRPELQHGZLWKDGHWDLOHGYLUWXDOYHKLFOHPRGHOWKDW
DOORZV YLUWXDO DQG SK\VLFDO TXDQWLWDWLYH SHUIRUPDQFH DVVHVVPHQW RQ D UDQJH RI SHUIRUPDQFH LQGLFDWRUV
HQHUJ\ HIILFLHQF\ G\QDPLF	 VWDWLF VWUXFWXUDO SHUIRUPDQFH DFWLYH	SDVVLYH VDIHW\ HFRQRP\ERWK LQ
SURGXFWLRQDQG LQXVH VXVWDLQDELOLW\ERWK LQSURGXFWLRQDQG LQXVHHUJRQRPLFV UDQJHZHLJKWHWF$Q
RSWLPLVHGGHVLJQDSSURDFKZLOODOORZPDLQWDLQLQJFRVWHIIHFWLYHQHVVFRPIRUWDQGGULYLQJSHUIRUPDQFHDV
































RIWKHDUW LQ DOO DUHDVZKLFK DUH UHOHYDQW WR WKHGHYHORSPHQWRI WKH'(/,9(5FRQFHSW0DUNHWUHODWHG
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ZLOO EH RSHQ WR WKH SXEOLF E\ SXEOLVKLQJ ODWHVW GHYHORSPHQWV DQG UHVXOWV RQ WKH SXEOLF ZHEVLWH
ZZZGHOLYHUSURMHFWRUJ
$FNQRZOHGJHPHQW
7KH'(/,9(5SURMHFW LV FRRUGLQDWHG E\)RUVFKXQJVJHVHOOVFKDIW.UDIWIDKUZHVHQPE+$DFKHQ IND
IRUWKH,QVWLWXWHIRU$XWRPRWLYH(QJLQHHULQJLNDRI5:7+$DFKHQ8QLYHUVLW\3DUWQHUVIURPWKHLQGXV
WULDOVLGHLQWKLVMRLQWSURMHFWDUH)LDW+3/3URWRW\SHV/LEHUW\(7HFK0LFKHOLQDQG9RONVZDJHQ7KH
FRQVRUWLXP LV VXSSOHPHQWHGE\637HFKQLFDO5HVHDUFK ,QVWLWXWHRI6ZHGHQDQG32/,6 WKHQHWZRUNRI
(XURSHDQFLWLHVDQGUHJLRQVIRULQQRYDWLYHWUDQVSRUWVROXWLRQV
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0F.LQQRQ$&2(PLVVLRQVIURP)UHLJKW7UDQVSRUWLQWKH8.5HSRUWSUHSDUHGIRUWKH&OLPDWH&KDQJH:RUNLQJ*URXS
&RPPLVVLRQIRU,QWHJUDWHG7UDQVSRUW(GLQEXUJK/RJLVWLFV5HVHDUFK&HQWUH+HULRW:DWW8QLYHUVLW\

6FKRHPDNHUHWDO4XDQWLILFDWLRQRI8UEDQ)UHLJKW7UDQVSRUW(IIHFWV,3UHVHQWDWLRQV>3')@85/
ZZZEHVWXIVQHWGRZQORDG%(678)6B,,NH\BLVVXHV,,%(678)B4XDQWLILFDWLRQBRIBHIIHFWVSGI

7KH$XWRPRWLYH,QGXVWU\3RFNHW*XLGH(XURSHDQ$XWRPRELOH0DQXIDFWXUHUV$VVRFLDWLRQ$&($%UXVVHOV

7KRPSVRQ5*	+DVVDOO.$PHWKRGRORJ\IRUHYDOXDWLQJXUEDQIUHLJKWV\VWHPV5HFHQWDGYDQFHVLQFLW\ORJLVWLFV
SURFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ&LW\/RJLVWLFVSS/DQJNDZL(OVHYLHU

9DOHQWLQH8UEVFKDW0%HUQKDUW:HWDO3RZHUWUDLQ±7KH)XWXUH'ULYHV(OHFWULF)UDQNIXUW5RODQG%HUJHU6WUDWHJ\
&RQVXOWDQWV

=XFRWWL6HWDO&LW\/2*3URMHFW2YHUYLHZ>3')@85/ZZZFLW\PRYHSURMHFWHXVLWHV
GHIDXOWILOHVZRUNVKRSBFLW\ORJBRYHUYLHZSGI
